Abstract-
I. INTRODUCTION
Coffee is one of the commodities cultivated by almost 50 countries in the world. One of which is Indonesia. The most common types of coffee consumed include Robusta and Arabica coffee. According to the Directorate General of Plantation in 2017, it is estimated that Robusta coffee plantation area in Indonesia reaches 898,145 hectares with total coffee production of 463,775 tons, consisting of 438,823 tons of Robusta coffee from smallholder plantations, 9,145 tons from state-owned plantations and 15,807 from private plantations.
Based on data from the Directorate General of Plantation [1] , it is known that 94.62% of the Robusta coffee plant is derived from plantations owned by farmers independently. The coffee beans produced by Indonesian farmers are known as "root coffee" because they generally have a low quality with a defect value of over 225 [2] . This type of defective seed is very unpopular because it will produce the characteristics of stink, ferment, musty/moldy/earthy [3] . According to Yusianto and Widyotomo [4] , the original Robusta coffee was created because post-harvest processing is done with very simple methods and facilities, so that the relative water content is high and still mixed with other materials in relatively large quantities. Dry coffee processing methods are mostly done by farmers because of the ease of implementation technology, but it can cause Robusta coffee has low [5] .
The application of semi-wet processing technology to postharvest coffee is one of the efforts to improve the coffee quality of the people. This fermentation process can occur, with the help of microorganisms and lactic acid bacteria called fermentation and curing processes. One starter that can be used is a microbe in kefir. Kefir is milk fermented by several microbes and has been produced since ancient times in the Caucasus and spread throughout the world [6] - [8] . Starter culture is irregularly shaped, small, chewy white or yellow which is a combination of live bacteria. Types of microbes in kefir identified are Leuconostoc mesenteroides (29%), Lactococcus lactis spp. (5%), Lactococcus lactis spp. Cremoris (45%), Acetobacter lovaniensis (10%), and Saccharomyces cerevisiae (11%) and fermentation produced lactic acid and alcohols [9] - [13] . The reason for using kefir, because it is easy to obtain and contains many types of microbes, so symbiosis will occur and accelerate the fermentation process [14] .
The result of the expected Robusta coffee fermentation is Robusta specialty coffee. The meaning of specialty coffee is coffee that has more than 80 flavors [15] . According to Saragih, specialty coffee is a coffee different from coffee in general which is indicated by the final value of the test [16] . In this study the coffee used is not in the form of coffee cherry, but the dried beans of Robusta coffee. Thus, to improve the taste of coffee it needs fermentation technology. Therefore, research needs to be done on the use of concentration of kefir milk and lactose fermentation media to obtain Robusta specialty coffee.
II. METHODS
The research was conducted by fermentation of Robusta coffee beans, calculating the amount of lactic acid bacteria (LAB), pH value measurement, cup test and volatile coffee compounds by GC-MS.
A. Fermented Asalan Robusta Coffee Beans
In coffee making, the first step that must be done was to sort the seeds of Robusta coffee from seeds as well as foreign objects. Broken seeds and foreign objects will disrupt microbial work and affect coffee flavor. After that, the clean coffee beans were weighed 1000 grams and then soaked for 4 hours using aquadest as much as 2 liters or 1:2 which aims to imbibition process of dried Robusta bean. Imbibition causes an increase in the weight of coffee beans because of the water that seeps into the coffee beans. After wet Robusta coffee seeds were drained, the coffee seeds were given 8 different treatments; that is, differences in the concentration of milk kefir 0; 1; 2; 3%, and lactose powder 1 and 3%. The fermentation process was carried out for 12 hours with an anaerobic temperature of 28oC, after that washing coffee beans using water until they were clean. Furthermore, the process of drying used oven for 48 hours with a temperature of 50oC to reduce the water content of coffee beans. The use of oven-drying can minimize the occurrence of contamination instead sun-drying. In addition, oven-drying can control the temperature, therefore the quality of fermented coffee is maintained. The next step was done by roasting process using temperature of 170oC for 9 minutes (medium roasting) using a coffee roasting machine to form a flavor and reduce the water content of coffee. After roasting, the last step was grinding the fermented coffee to produce coffee powder [17] - [18] .
B. Calculation of Total Lactic Acid Bacteria (LAB)
The method used for calculating the number of LAB was Fardiaz method [19] ; that is, by pouring method using MRSA media (de Mann Rogosa Sharpe Agar). A total of 5 grams of the sample were diluted into 45 ml of physiological solution to obtain 10-1 dilution. Then, pipet as much as 1 ml was put into a tube containing 9 ml of 0.85% NaCl solution to obtain 10-2 up to 10-7 dilution. Subsequently, inoculation by pouring method was taken from the last three retailing levels of 10-5, 10-6 and 10-7. From each dilution was taken 1 ml with a pipette, put in a sterile petri dish. Further, it was poured as much as 15 ml of MRSA (deMann Rogosa Sharpe Agar) which had been added with 1% CaCO3 and had been cooled to 47-50oC and was rocked slowly. After solidifying, it was incubated for 24-48 hours with a temperature of 37oC. MRSA is a medium for growing LAB microbes. CaCO3 1% was used for growing LABs to form clear zones. Lactic acid metabolites from LAB will react with CaCO3 which produces lactate calcium in which the lactate calcium will produce clear zone and is used as an indicator of the calculation of the number of LABs.
C. Measurement of pH Value of Coffee Beans
The pH value measurements were performed by Muchtadi et al [20] . using a calibrated pH meter with buffer pH 7 and buffer pH 4. The fermented beans were reduced in size. Robusta coffee beans that had been destroyed were dissolved using aquadest with a ratio of the amount of coffee and aquadest 1:3. Then, the pH value was measured by placing the electrode on the sample and the pH value could be seen on the pH screen meters.
D. Cup Test of Robusta Coffee
Testing of flavor/cup test was done by UCDA method [21] by preparing 150 ml coffee cup as much as 5 cups for 1 sample. Each cup contained roasted coffee 10-11 grams. Brewing was done with the ratio of coffee and water as much as 1:10 and water temperature 99oC. The first test performed was the fragrance test (the aroma of coffee in dry form). Further, testing the aroma of coffee was done by brewing coffee using hot water and letting it stand or 5 minutes for coffee extracted optimally. Testing the aroma of coffee was performed by breaking the floating layer of coffee and the aroma. Testing the taste of coffee was done by taking 1 tablespoon of soaking coffee and then inhaling and perceiving the flavor, aftertaste, saltiness/acidity, bitterness/sweetness, cleaness, uniform cup, overalls and flavor defects. The mouthfeel/body test was performed by taking 1 tablespoonful of coffee and then rubbing the coffee into the palate and feeling. The description of the score in the test cup test parameters was divided into 5 categories which be follows: a. 2008) have done with the initial stage of inserting coffee powder (3 ml) in a 5 ml vial. Then the sample was heated with temperature 70oC for 10 minutes. The SPME needle was subsequently inserted into the vial and the fiber directed in the empty cavity above the coffee sample with a temperature of 70oC for 40 minutes. This test used SPME within 3 phases (divinylbenzene/carboxen/polymethylsiloxane) with fiber of 50/30 μm. Thereafter, the fibers which had absorbed the volatile
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compound were introduced into the GC at a temperature of 250°C for 10 minutes. The columns used were RTX-5MS (5% diphenyl, 95% dimethyl polysiloxane) 30 m x 0.25 mm internal diameter and carrier gas Helium at a speed of 1 ml/min. The injection temperature was set to 250oC. The temperatures of the ions and interfaces were 300oC and 275oC respectively. The GC oven temperature was adjusted from 40oC (5 min) to 180oC at 3oC/min, and then were increased again to 250oC (5 min) at 10oC/min. GC Injector was set in splitless mode.
III. RESULT AND DISCUSSION

A. Total Lactic Acid Bacteria (LAB)
The results of calculation of total lactic acid bacteria (LAB) at the 0 and 12 hours of fermentation can be seen in Figure 3 .1. Based on calculation data of total lactic acid bacteria (LAB), it can be known that the amount of LAB grows at 0 hour A1B1 sample; A1B2; A2B1; A2B2; A3B1; A3B2; A4B1; A4B2 respectively 0; 0; 4.76; 4.80; 5.91; 5.96; 6.22; 6.31, while in the 12 hour sample successively 0; 2.54; 5.05; 5.22; 6.13; 6.19; 7.36; 7.45. Based on the LAB total data in Figure 4 .1, the A1B1 coffee samples at the 0 and 12 hours were not overgrown with LAB, because the sample was not given additional kefir starter, while A1B2 at 12 hours, LAB grows spontaneously. This can be due to the condition when fermentation involves many LABs from the environment which also converts the lactose media into organic acids. In addition, based on the calculation of total data LAB samples A1B1 to A4B2, the more added kefir starter and lactose media, will increase the number of growing LAB. Several factors affecting microbial growth are the availability of nutrients, water, pH, oxygen, reducing sugar, presence of inhibitors, and the presence of other microorganisms. Based on Figure 3 .1 all coffee samples have an increase in the number of LAB; this can be influenced by the amount of starter concentration of kefir and lactose added as substrate or growth medium of LAB. According to Maccabe et al., [22] , the main food substance for the growth of microorganisms is the source of carbon, nitrogen, and mineral components. In this case, lactose acts as a carbon source of growth of LAB in kefir. Lactose will be broken down into simpler forms of galactose and glucose. The presence of glucose during the fermentation process can increase the growth of microbes. This is supported by Budiman [23] who states that the length of incubation is closely related to the time that can be used by microbes to grow and multiply. The longer the fermentation time, the more the substance the LAB uses for its growth.
B. Changes in pH Value of Coffee Beans after Fermentation
The results of measurement of pH value of coffee beans after fermentation can be seen in Figure 3 .2.
Based on Figure 3 .2, the pH value decreases. Non-treated control or coffee pH value was 6.2. Coffee samples A1B1 and A1B2 have a pH value of 5.7, while coffees A2B1 and A2B2 have a pH value of 5.6. Coffee samples A3B1 and A3B2 have pH value of 5.5, while coffees A4B1 and A4B2 have pH value of 5.4.
Coffee given the addition of kefir starter and lactose media decreases significant pH of control coffee which was not given any additional substance. The more concentration of the added kefir starter, the more pH value decreases or the acidity increases. This is in accordance with the total calculation data LAB because the higher amount of lactic acid bacteria leads to the increase of acidity level. Fermentation can cause the pH of coffee beans to decline due to the breakdown of sugar or caffeine to be converted into acidic compounds such as lactic acid, acetate, butyric and propionate. These bacteria breaking sugar for 5 to 24 hours during fermentation, because of breakdown of sugars such as lactic acid and acetic acid with greater lactic acid content and affect the acidity level.
The decline in pH values is also reported by Wilujeng and Wikandari (2013) , stating that the length of fermentation will decrease pH due to amylolitic activity that degrades starch to glucose and then becomes lactic acid [24] . This is supported by Wardani [25] , pointing out that during fermentation, lactic acid bacteria will convert lactose into lactose glucose and galactose and then become lactic acid and make the pH decrease. Acidity in coffee is produced from chlorogenic acid, acetic acid, and other non-volatile acids. Acetic acid is obtained by reshuffling glucose, lactose, sucrose, raffinosa, and stakiosa through glycolysis process. The length of fermentation process will be the proliferation of acidic bacteria which leads to the increase of organic acids produced. The formed acids will be released into the environment causing changes in acidity.
C. Cup Test of Robusta Coffee Beans After Fermentation
Cup Test of Robusta coffee include criteria: fragrance/flavor, flavor, aftertaste, acidity, sweetness, mouthfeel/body, uniform cup, balance, clean cup, overall, and final score can be seen on Table 3.1. Based on Robusta coffee flavor test data, the characteristics of fragrance and flavor in all treatments have a score range of 7.17-7.75 indicating that coffee is very good (7.00-7.75). The treatment of A3B2 (2% starter kefir, lactose 3%) has the highest fragrance score of 7.75, compared to the other treatments. Fragrance is an aspect of scent that includes the smell of coffee when it is dry or powder, while the smell is odor when the coffee is brewed with hot water. Treatment addition of starter kefir with lactose media influences the aroma of coffee produced because of the process of breaking lactose into glucose by lactic acid bacteria (LAB). Glucose is used as a source of energy to produce metabolism in the form of organic acids which later functions as a precursor to the formation of flavor in coffee [26] . In addition, the temperature of roasting also affects the formation of fragrance value or aroma of coffee beans. The standard roasting (medium) of aromatic components forms chocolaty aroma, but higher warming (dark) will burn the compounds aside sugar browning [4] .
Flavor is a special trait between aroma, acidity, and ends with an aftertaste. The value of coffee flavor includes the influence of the quality and complexity of the combined flavor and aroma when coffee is drunk. Robusta coffee with A1B2 treatment (0% starter kefir, lactose 3%) has the highest flavor score compared to that with other treatment that is equal to 7.75. This is due to the spontaneous LAB of the environment that participates in the formation of coffee flavor. These spontaneous bacteria work in the fermentation process and produce lactic acid, acetic acid, butyric acid, and propionic acid which contribute to the production of flavor [27] .
The aftertaste characteristic is the long-lasting positive flavor (flavor and aroma) that comes from the ceiling of the back of the mouth and persists after the coffee is swallowed (discarded). Based on data Table 4 .1, all the treatments of Robusta coffee have a score above 7, which means very good category (7.00-7.75). Treatment A4B1 (3% kefir starter, lactose 1%) has the highest score of 7.92. According to UCDA (2010), the value of low aftertaste means that coffee has a short aftertaste which can be caused by too strong or dominating acidity [21] .
Good acidity describes coffee that is delicious, sweet, and fresh like fresh-fruit which is directly felt when coffee is sipped. Treatments of A1B2 (0% starter kefir, lactose 3%) and A3B2 (2% starter kefir, lactose 3%) have the highest acidity score of 7.83. This can be due to lactose as much as 3% optimizing the work of LAB where lactose is used as growth substrate. Lactic acid bacteria convert simple sugars into lactic acid, so the acidity value increases [28] - [29] .
Sweetness characteristic is interpreted with a sweet taste in coffee. Treatment A1B2 (0% starter kefir, lactose 3%) has the highest sweetness score of 7.92. The emergence of sweetness characteristics in coffee beans is caused by the time of fermentation process decomposition of carbohydrates into glucose that affects the sweet taste [30] . With the high sweetness value of the A1B2 sample, the bitterness character will decrease, as more and more proteins break down into amino acids. As Marcone (2004) points out, the lower the protein content, the more coffee is not bitter, one of the proteins that decompose is caffeine [31] .
Mouthfeel/body is based on the taste when the fluid enters the mouth especially between the tongue and the palate. Table  3 .1 shows that control or coffee that is not given any treatment has the highest mouthfeel/body score of 7.92. Basically, coffee contains several carbohydrates namely arabinose, fructose, mannose, galactose, and glucose that are not degraded by kefir LAB without the treatment of fermentation. According to Yusianto et. Al. (2013) , the carbohydrates trigger the occurrence of brown color in roasted coffee beans and very instrumental in the formation of volatile compounds and strengthen mouthfeel/body [4] .
Uniform cup is the uniformity of the aroma of each bowl, while the clean cup shows no negative value from the beginning of the flavor until aftertaste as the end. The result of uniform and clean cup testing for all samples were 10, so it can be stated that all treatments have uniformity, and nothing can affect the flavor.
All aspects including flavor, aftertaste, acidity, sweetness, and mouthfeel. The highest LAB score was from sample A1B2
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(starter kefir 0%, lactose 3%) of 7.67. This corresponds to the aspect values of flavor, acidity, sweetness, and mouthfeel which all have the highest scores as described previously. Last is the overall aspect of a sample perceived by each panelist. Treatment A1B2 (0% starter kefir, lactose 3%) has the highest overall score of 7.75. This is in accordance with the final score stating that the treatment A1B2 has the highest final score of 81.83 and is included in the category of special or excellent (8.00-8.75).
Taint is a scent defect in coffee which is generally given a score of 2 if it detects the defect, while the faults are flaw defects which are generally rated 4 if found defective [32] . Based on the test, the taint and fault attribute on all four samples has a value of 0. This indicates that all samples have no flavor defects. If the coffee sample has a score on taint and fault, it will lower the final score of coffee because these two attributes are not expected to appear.
There are 4 coffee samples that receive special coffee predicate; A1B2 treatment with score of 81.83, treatment A1B1 with score of 81.08, treatment A3B2 with score of 80.50, and treatment A3B1 with score of 80.25. Based on the results of the assessment, the concentration of 0% starter kefir and 3% lactose gains the highest final score. This can be due to the occurrence of fermentation by spontaneous microbes that participate in the fermentation process to break down lactose. Meanwhile, the lowest final score of treatment A2B1 (starter kefir 1%, lactose 1%) of 77.33 was included in the category of very good (7.00-7.75).
D. Volatile Compound Robusta Coffee
Robusta coffee volatile compounds were carried out on each class of previously identified flavor components using GCMS. Tests were performed on A1B2 samples (0% starter kefir, lactose 3%), A2B1 (1% starter kefir, lactose 1%), and control. The selection of this sample was based on coffee that has the highest and lowest taste test scores as well as nontreated coffee samples or controls. Flavor profile analysis was done with the aim of identifying the influence of a component or compound to the aroma of coffee produced. The specific flavor component compounds are classified into 9 groups of flavor components, including phenols, furans, hydrocarbons, pyridine, pyrazine, benzene, organic acids, alcohols and aldehydes. Flavor test data were presented in Table 3 .2.
Based on the data in Table 3 .2, the number of flavor components between samples were different; the control sample has the total number of flavor components of 73 components while A1B2 sample (0% starter kefir, lactose 3% has the largest number of flavor components, 82 components and A2B1 1% starter kefir, 1% lactose) has the lowest number of flavor components of 66. In this research, processing with microbial fermentation and roasting process will affect some groups of flavor components that are formed. Volatile compounds are derived from enzymatic products, fatty antioxidants, microbial activity results, thermal reaction products and environmental conditions. The combination of several volatile compounds will give a unique and distinctive flavor [33] . compound. These compounds are formed from the degradation of amino acids when the process of roasting [32] . This pyrrole class compound contributes to the aroma of nutty, sweet and burnt [34] .
The volatile compound having the next high percentage was pyrazine. Pyrazine is an aroma component formed by roasting in coffee. According to Caporaso et al. (2018) , the pyrazine group compounds commonly identified in Robusta coffee beans are 2-methyl-pyrazine compounds; 2.6-dimethylpyrazine; 2.5-dimethylpyrazine; ethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-methylpyrazine and 3-ethyl-2.5-dimethyl pyrazine [35] . According to Lee et al. (2015) , pyrazine compounds are formed from amino acid precursor compounds that occur when caramelized during roasting [36] . The compounds are reported to contribute to the smell of nutty, roasted, cocoa, chocolate and coffee in coffee [37] . Some of these compounds are allegedly more contributive to give the scent of chocolate and in accordance with the results of testing coffee beans test of asalan Robusta coffee with whole treatment that has a chocolate aroma.
The next volatile compound which has a high area was an organic acid. According to Caporaso et al. (2018) , Robusta coffee generally has a high concentration of acetic acid [35] . Acid compounds in coffee contribute to acidy aroma. In this study, A1B2 coffee sample has a high organic acid area; this is caused by acid formation by the activity of lactic acid bacteria. Bressani et al. (2018) , mention that lactic acid bacteria produce acid because of its metabolite. Based on the results of the test, it also can be seen that the characteristics of acidic aroma are identified in Robusta coffee seeds of A1B2 sample [28] .
Another class of volatile compounds has a high percentage of the area of alcohol. The compounds included in the alcohol class in this study are 2-furanmethanol. This is in accordance with the literature which states that Robusta coffee, in general, has a high concentration of 2-furanmethanol volatile compounds [35] . This compound contributes to coffee burnt, sweet, caramel, coffee and bitter [34] .
The compounds belonging to the phenol group in this study are 4-ethyl-2-methoxy phenol compounds; 2-methoxy4vinylphenol; and 2-methoxy phenol. Based on the research conducted by Lee et al. (2015) , guaiacol compounds (2-methoxy phenol) and pvinylguaiacol (2-methoxy-vinylphenol) have been enhanced by fermentation by yeast because the pvinylguaiacol compounds are formed when enzymatic decarboxylation of ferulic acid occurs while guaiacol is formed by redox reactions, decarboxylation oxidative and nonoxidative compounds of p vinylguaiacol [36] . In the phenol class there are 2-methoxy-4vinylphenol compounds that contribute to the spicy aroma [38] .
The next volatile compound that contributes to the taste of Robusta coffee is furan. This furan compound is formed due to thermal degration of carbohydrates, ascorbic acid, or unsaturated fatty acids during coffee roasting [39] . According to Mulato (2002) , furan volatile compounds can cause caramel, oxazole, and sweet-hazelnut scent [40] .
The pyridine component is formed from the chemical compounds of trigonelin during roasting progress. The process of overhauling in the final stage of 70% trigonelin will decompose into pyridine which has a big share in the formation of sweet and caramel flavor in the steeping of coffee [41] . The aldehyde group compound is one of the most important compounds in coffee because it contributes to the aroma of coffee. The volatile compounds of aldehyde group are furfural and benceneacetaldehyde compounds. These compounds contribute to the smell of sweet, burnt, caramel, nutty, fruity, and fatty [41] - [42] . According to Dan et al. (2017) , aldehydes are the main volatile compounds present in fermented milk products that can increase volatiles [43] . It is assumed to cause the emergence of new compounds in the fermentation of asalan robusta coffee by using starter kefir. In addition to furfural and benceneacetaldehyde compounds, several caffeine compounds were detected; however, according to Burdock (2010) , caffeine is a volatile compound that does not contribute to the aroma of coffee compounds [42] .
IV. CONCLUSION
Based on the results, fermentation using kefir starter was enhance cup test value by expert panels until 81.83 (specialty coffee) using 0% starter kefir and 3% lactose. While, volatile compounds also increase, until 82 compounds (with added lactose 3%).
